The first observation of the decay B 0 s → D 0 K * 0 using pp data collected by the LHCb detector at a centre-of-mass energy of 7 TeV, corresponding to an integrated luminosity of 36 pb −1 , is reported. A signal of 34.4 ± 6.8 events is obtained and the absence of signal is rejected with a statistical significance of more than nine standard deviations. The B 0 s → D 0 K * 0 branching fraction is measured relative to that of
is statistical, the second systematic and the third is due to the uncertainty on the ratio of the B 0 and B 0 s hadronisation fractions.
Introduction
A theoretically clean extraction of the Cabibbo-Kobayashi-Maskawa (CKM) unitarity triangle angle γ can be performed using time-integrated B → DX decays by exploiting the interference between Cabibbo-suppressed b → u and Cabibbo-allowed b → c transitions [1, 2, 3, 4, 5, 6] . One of the most promising channels for this purpose is B 0 → DK * 0 , where D represents a D 0 or a D 0 meson. 2 Although this channel involves the decay of a neutral B meson, the final state is self-tagged by the flavour of the K * 0 so that a timedependent analysis is not required. In the B 0 → DK * 0 decay, both the B 0 → D 0 K * 0 and the B 0 → D 0 K * 0 are colour suppressed. Therefore, although the B 0 → DK * 0 decay has a lower branching fraction compared to the B + → DK + mode, it could exhibits an enhanced interference.
The Cabibbo-allowed B [7, 8] , where V denotes a neutral vector meson. Thus, the detailed study of B 0 s → D 0 K * 0 is an important goal with the first LHCb data.
The LHCb detector [9] is a forward spectrometer constructed to measure decays of hadrons containing b and c quarks. The detector elements, placed along the collision axis of the Large Hadron Collider (LHC), start with the Vertex Locator, a silicon strip device that surrounds the pp interaction region with its innermost sensitive part positioned 8 mm from the beam. It precisely determines the locations of the primary pp interaction vertices, the locations of the decay vertices of long-lived hadrons, and contributes to the measurement of track momenta. Other tracking detectors include a large-area silicon strip detector located upstream of the 4 Tm dipole magnet and a combination of silicon strip detectors and straw drift chambers placed downstream. Two Ring-Imaging Cherenkov (RICH) detectors are used to identify charged hadrons. Further downstream an electromagnetic calorimeter is used for photon detection and electron identification, followed by a hadron calorimeter and a muon system consisting of alternating layers of iron and gaseous chambers. LHCb operates a two stage trigger system. In the first stage hardware trigger the rate is reduced from the visible interaction rate to about 1 MHz using information from the calorimeters and muon system. In the second stage software trigger the rate is further reduced to 2 kHz by performing a set of channel specific selections based upon a full event reconstruction. During the 2010 data taking period, several trigger configurations were used for both stages in order to cope with the varying beam conditions.
The results reported here uses 36 pb −1 of pp data collected at the LHC at a centreof-mass energy √ s = 7 TeV in 2010. The strategy of the analysis is to measure a ratio of branching fractions in which most of the potentially large systematic uncertainties 2 In this Letter the mention of a decay will refer also to its charge-conjugate state. 
Events selection
Monte Carlo samples of signal and background events are used to optimize the signal selection and to parametrize the probability density functions (PDFs) used in the fit. Proton beam collisions are generated with PYTHIA [11] and decays of hadronic particles are provided by EvtGen [12] . The generated particles are traced through the detector with GEANT4 [13] , taking into account the details of the geometry and material composition of the detector. The selection criteria for the V candidates introduce some differences between the signal and normalisation channel due to the particle identification (PID) and mass window requirements. The K * 0 (ρ 0 ) reconstructed mass is required to be within 50 MeV/c 2 (150 MeV/c 2 ) of its nominal value [14] . The selection criteria for the D 0 and vector mesons include identifying kaon and pion candidates using the RICH system. This analysis uses the comparison between the kaon and pion hypotheses, DLL Kπ , which represents the difference in logarithms of likelihoods for the K with respect to the π hypothesis. The particle identification requirements for both kaon and pion hypotheses have been optimized on data. The thresholds are set at DLL Kπ > 0 and DLL Kπ < 4, respectively, for the kaon and the pion from the D 0 . The misidentification rate is kept low by setting the thresholds for the vector meson daughters to DLL Kπ > 3 and DLL Kπ < 3 for the kaon and pion respectively. In order to remove the potential backgrounds due to 
Extraction of the ratio of branching fractions
The ratio of branching fractions is calculated from the number of signal events in the two decay channels
where the ǫ parameters represent the total efficiencies, including acceptance, trigger, reconstruction and selection, and f s /f d is the ratio of B 0 and B 0 s hadronization fractions in pp collisions at √ s = 7 TeV. Since a given event can either be triggered by tracks from the signal or by tracks from the other B hadron decay, absolute efficiencies cannot be obtained with a great precision from the Monte Carlo simulation due to improper modelling of the generic B hadron decays. In order to reduce the systematic uncertainty related to the Monte Carlo simulation of the trigger, the data sample is divided into two categories: candidates that satisfy only the hadronic hardware trigger 3 (TOSOnly, since they are Triggered On the Signal (TOS) exclusively and not on the rest of the event) and events which are Triggered by the rest of the event Independent of the Signal candidate B decay (TIS). Approximately 6% of candidates do not enter either of these two categories, and are vetoed in the analysis. The B 0 → D 0 ρ 0 signal yield is extracted separately for the two trigger categories TOSOnly and TIS; the B 0 s → D 0 K * 0 signal yield is extracted from the sum of both data samples. The ratio of efficiencies are sub-divided into the contributions arising from the selection requirements (including acceptance effects, but excluding PID), r sel , the PID requirements, r PID , and the trigger requirements, r TOSOnly and r TIS . The ratio of the branching fractions can therefore be expressed as
where α represents a correction factor for the "non-ρ constrained using the results from a Monte Carlo study corrected by the PID misidentication rates measured in data. The PDF for the cross-feed is empirically parametrised by a Crystal Ball function [15] , whose width and other parameters are taken from a fit to simulated events in which B Fig. 1 and Fig. 2 . The overall signal yields are 154.1 ± 15.1 and 34.4 ± 6.8 respectively. The yields for the different components are summarised in Table 1 . the sPlot technique [16] has been used to obtain background subtracted invariant mass distributions. The sWeights are calculated from the reconstructed B invariant mass distribution using the same parametrization as in the analysis, the selection being the same except for the V invariant mass ranges which are widened. It was checked that there is no correlation between the B and the V invariant mass. The resulting plots are shown in Fig. 3 , where the resonant component is fitted with a Breit-Wigner convoluted with a Gaussian and the non-resonant part with a second order polynomial. While the K * 0 region shows no sign of an extra contribution, the ρ 0 region shows a more complicated structure. An effective "non-ρ 0 " contribution is estimated using a second-order polynomial: 30.1 ± 7.9 events contribute in the ρ 0 mass window (±150 MeV/c 2 ). The measured B 0 → D 0 ρ 0 yields are corrected by a factor α = 0.805 ± 0.054 (see Eq. 2), consistent with expectations based on previous studies of the
The ratio of branching fractions,
, is calculated using the measured yields of the B 0 → D 0 ρ 0 signal in the two trigger categories, corrected for the "non-ρ 0 " events and assumed to contribute proportionally to the TOSOnly and TIS samples, the B yields due to the cross-feed has been neglected.
Systematic uncertainties
A summary of the contributions to the systematic uncertainty is given in Table 2 . The PID performances are determined with a D * → D 0 π data calibration sample reweighted according to the kinematical properties of our signals obtained from Monte Carlo simulation. The systematic uncertainty has been assigned using the kinematical distributions directly obtained from the data. However, due to the small signal yield in the B 0 s case, this systematic uncertainty suffers from large statistical fluctuations which directly translate into a large systematic uncertainty on the kaon identification. The statistical uncertainty obtained on the number of "non-ρ 0 " events present in the ρ 0 the mass window (±150 MeV/c 2 ) has been propagated in the systematic uncertainty. The differences observed between Monte Carlo simulation and data on the values of the D 0 and vector mesons reconstructed masses, as well as on the transverse momentum spectra, have been propagated into the uncertainty quoted on r sel . The relative abundances of TOSOnly and TIS triggered events determined from simulated signal are in good agreement with those measured from data. This provides confidence in the description of the trigger in the Monte Carlo simulation. Since these relative abundances are directly measured in data, they do not enter the systematic uncertainty evaluation. However, the difference in trigger efficiency between the B 0 → D 0 ρ 0 and the B 0 s → D 0 K * 0 decay modes is taken from Monte Carlo simulation; this is considered reliable since the difference arises due to the kinematical properties of the decays which are well modelled in the simulation.
The difference in the energy measurement between the hardware trigger clustering and the offline reconstruction clustering is conservatively taken as a systematic uncertainty due to the hadronic trigger threshold. The systematic uncertainty due to the TIS trigger performances on the two decay modes is obtained assuming that it does not depend on the decay mode (r TIS = 1).
The systematic uncertainty due to the PDF parametrizations has been evaluated using toy Monte Carlo simulations where the different types of background have been generated using an alternative parametrization (wide Gaussians for the partially reconstructed backgrounds, first order polynomial for the combinatorial backgrounds) but fitted with the default PDFs.
The total systematic uncertainty is obtained by combining all sources in quadrature. The dominant sources of systematic uncertainty are of statistical nature and will be reduced with more data. The error on the ratio of the fragmentation fractions [10] is quoted as a separate systematic uncertainty. 
where the first uncertainty is statistical, the second systematic and the third is due to the uncertainty in the hadronisation fraction (f s /f d ).
The result is in agreement with other measurements of similar ratios and supports the SU(3) breaking observation in colour suppressed B 
is obtained, where the first uncertainty is statistical, the second systematic, the third due to the uncertainty in the hadronisation fraction (f s /f d ) and the last is due to the uncertainty of the B 0 → D 0 ρ 0 branching fraction. A future, larger data sample will allow the use of the B 0 → D 0 K * 0 decay as the normalising channel, which will reduce the systematic uncertainty. 
